The stability of cryptococcal antigen from Cryptococcus neoformans serotype A and D strains at different temperatures in serum and other solvents was studied. Samples stored at ؊20 or 4°C had equivalent stabilities as measured by the Premier Cryptococcal Antigen kit and the Cryptococcal Antigen Latex Agglutination System (CALAS) kit. However, using the Premier Cryptococcal Antigen kit, there was a 91% loss of reactivity in samples incubated in human serum for 4 weeks at 37°C. A loss of reactivity of more than 99% was observed after incubation at 45°C for 4 weeks. The capsular antigen was not detected by the Premier Cryptococcal Antigen kit after 16 weeks at elevated temperatures. Antigen titers were also reduced in a latex agglutination assay (CALAS) after 4 weeks at 37 and 45°C. The loss of antigen reactivity was a function of pH and temperature.
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The incidence of cryptococcosis has decreased from 5 to 10% of human immunodeficiency virus-positive individuals to less than 1% in areas where highly active antiretroviral therapy is employed (4, 12) . However, cryptococcosis remains a leading fungal disease in human immunodeficiency virus-positive individuals. Suspected cases of cryptococcosis are often confirmed through standardized diagnostic assays that detect cryptococcal capsular polysaccharide in samples of serum or cerebrospinal fluid (CSF) from patients. In fact, there have been recent proposals to discontinue culture analysis of CSF and instead to rely exclusively on cryptococcal antigen testing (1) .
The measurement of cryptococcal antigen in serum and CSF can also provide a means to assess the response in patients to antifungal therapy. A decrease in titer with the standardized diagnostic kits is assumed to indicate a decrease in the antigen concentration and generally correlates with an improving clinical status of the patient (8) . These tests repeatedly demonstrate high sensitivity and specificity (8-10, 13, 14) . However, cases of culture-positive individuals whose CSF tested negative for cryptococcal antigen due to low antigen concentration are documented (7) . Because the diagnostic assays rely on antibody-based methods, false-negative results could result from any condition that decreases the polysaccharide stability, thereby preventing antibody detection. In this study, we investigated the stability of cryptococcal capsular polysaccharide in human serum at different temperatures over extended periods of time.
Cryptococcus neoformans strains H99 (serotype A) and 24067 (serotype D) were grown in Sabouraud dextrose broth with gentle shaking at 30°C. The capsular polysaccharide antigen glucuronoxylomannan (GXM) was isolated from the medium of cultures grown for 14 days by selective precipitation with hexadecyltrimethylammonium bromide (6) . One microgram of lyophilized GXM was dissolved in 1 ml of human serum (Cambrex, Walkersville, Md.), fetal bovine serum (FBS) (Gemini Bio-Products, Woodland, Calif.), phosphate-buffered saline (PBS) (137 mM NaCl, 2.7 mM KCl, 1.5 mM KH 2 PO 4 , 8.5 mM Na 2 HPO 4 ), or ultrapure water and sealed in a 2-ml cryovial (Sarstadt). Samples were incubated at Ϫ20, 4, 37, and 45°C. The samples in human serum were tested every 2 weeks with the Premier Cryptococcal Antigen kit and the Cryptococcal Antigen Latex Agglutination System (CALAS) (Meridian Bioscience, Inc., Cincinnati, Ohio), according to the manufacturer's instructions. The samples in FBS, PBS, and water were tested every 4 weeks. A new vial from the Ϫ20°C condition was thawed and tested at each time point; the same vials from the other temperatures were repeatedly tested. Samples were diluted 1:10 and 1:30 in diluent buffer for the Premier Cryptococcal Antigen kit. This was particularly important for GXM incubated in water, since high concentrations of the solvent interfered with polysaccharide detection. The PBS samples were not tested with the CALAS kit, as the solvent interfered with the accurate detection of polysaccharide. A single lot of each of the commercially purchased reagents was used. The human serum samples did not contain antibodies reactive to GXM; this was confirmed by dot enzyme assay (2) using 20 g of GXM and undiluted serum. Each diagnostic assay was performed by a different individual.
The amounts of capsular antigen GXM detected by both diagnostic kits for the samples incubated at Ϫ20 and 4°C were similar (Fig. 1) . The effect of freezing on GXM stability is unclear and may explain the apparent increased reactivity in the 4°C FBS and PBS samples. Samples incubated at 37 and 45°C steadily lost reactivity when the Premier Cryptococcal Antigen kit was used, with a significant loss of detection occurring by 4 weeks (Fig. 1A) . After 4 weeks of incubation, the human serum sample at 37°C had lost 91% of reactivity, and greater than 99% of reactivity was lost when the sample was incubated at 45°C. Significant loss was also detected in FBS, PBS, and water samples at 37 and 45°C. After 16 weeks, reactivity was not detected in any sample incubated at 37 or 45°C (Fig. 1B) . The loss of reactivity was independent of the strain used to produce the antigen (data not shown). Similar results were obtained using the CALAS kit. After 4 weeks, agglutination was decreased in samples containing GXM from strain 24067 in water and incubated at 37 and 45°C. After 10 weeks, GXM from strain 24067 incubated at 37 and 45°C had fourfold-lower titers and GXM from strain H99 incubated at 45°C had at least a 32-fold-lower titer than those of the Ϫ20°C samples (data not shown).
After 8 weeks of incubation, the pHs of the samples were measured, since strong alkali treatment (pH 11) of GXM affects recognition by most antibodies (3). The pH values of human serum samples incubated at different temperatures were 8 to 8.5 at Ϫ20°C, 8.5 at 4°C, and 9 at 37 and 45°C. The pH values of FBS samples incubated at different temperatures were 7.5 at Ϫ20 and 4°C and 8 at 37 and 45°C. The pH was 7.5 for PBS samples incubated at Ϫ20, 4, 37, and 45°C. The pH was 5 for water samples incubated at Ϫ20, 4, 37, and 45°C. Further increases in the pH values were not detected after 16 weeks.
Given the elevated pH values in some samples, it was clinically important to determine whether the O acetylation state of GXM was affected by human serum. O acetylation is an important modification of GXM that is essential for the majority of antibodies to GXM to bind the polysaccharide (3). Enzyme immunoassays (EIAs) were performed using either a monoclonal antibody (MAb) that requires O acetylation (MAb 2D10, 2 g/ml) (3) or a MAb that is inhibited by O acetylation (MAb 21D2) (11) to capture GXM (Fig. 2) . GXM was serially diluted 3 times in each assay and then detected with MAb 18B7 (1 g/ml). MAb 18B7 recognizes O-acetylated GXM and may bind weakly to de-O-acetylated GXM (3, 11) .
Binding curves were obtained following spectrophotometric detection at 405 nm of p-nitrophenyl phosphate hydrolysis by alkaline phosphatase-coupled goat anti-mouse immunoglobulin G1 MAb. The binding curves for GXM incubated at 4°C were similar to the Ϫ20°C samples in both EIAs. Eighty to 90% of the binding was lost for the 45°C samples in both EIAs. Differences between the EIAs were detected when the 37°C samples were tested. When MAb 2D10 was the capture MAb, the 37°C sample had 27-fold less binding than the Ϫ20°C sample. In contrast, an approximately twofold reduction in binding was detected in the 37°C sample when MAb 21D2 was the capture MAb. The increased binding of the 37°C sample detected by MAb 21D2 compared to the binding detected by MAb 2D10 suggests that O acetylation of GXM was lost in human serum at 37°C. More extensive loss of O acetylation in the GXM incubated at 45°C probably occurred but could not be distinguished by these EIAs, since both assays utilized a detecting MAb that recognizes O-acetylated GXM. The failure to detect GXM by the Premier Cryptococcal Antigen kit and the decrease in titer by the CALAS kit demonstrated that the immunogenicity of the polysaccharide is not stable after prolonged incubation at 37 and 45°C. The increase in antigen detection by MAb 21D2, which is inhibited by O acetylation on the antigen, and the higher pH values of human serum and FBS samples incubated at 37 and 45°C suggest that storage under prolonged mild alkaline conditions causes the loss of acetylation and may lead to a false-negative result. However, storage temperature is also critical. Both diagnostic kits detected losses in reactivity in the samples in PBS and water at 37 and 45°C, despite the fact that the samples had the same pH as the samples stored at Ϫ20 and 4°C. These results are not influenced by proteins or other serum components, because pronase processing is part of the CALAS procedure and similar results were obtained in the nonserum samples.
In the clinical setting where rapid diagnosis is essential, the majority of tests for cryptococcal antigen are conducted shortly after the sample is obtained and therefore should retain optimal detection. In the rare instances where samples were not refrigerated or were stored under conditions that are suspected of increasing the pH, such as the use of an improper diluent, our data suggest that the results obtained from the Premier Cryptococcal Antigen or CALAS kit may underestimate the amount of antigen present.
Our findings may be particularly relevant to clinical studies of cryptococcosis where serum is banked for extended periods of time. The loss of reactivity observed at elevated temperatures may reflect a process that occurs at a significantly lower rate in frozen samples, as stated by the Arrhenius equation, and would be detected only after longer storage times than those tested in our study. Furthermore, the instability of the cryptococcal antigen at 37°C in human serum suggests that the immunoreactivity of the antigen decreases over time in patients and that clinical strains could vary in their stability because of differences in O-acetylation content (5) . This would imply that diagnostic kits may be underestimating the quantity of antigen present and are biased towards more recently synthesized antigen. The instability of GXM at the elevated temperatures in all solvents tested would suggest that GXM may also be unstable in CSF samples. If this is confirmed, then antigen detection in CSF would also not be accurate. Hence, we urge caution in the interpretation of negative results, particularly when measurements involve samples that have been stored for some time.
